Introduction
'Generation, diffusion and exploitation of knowledge are at the core of the research system' (EC, 2007: 16) . This official statement recognises the importance of academic research that has focused on the origins and the destiny of the knowledge produced. Citations in patents have been a common indicator to trace the technological knowledge on which the invention is built. Before describing the state-of-the-art a number of different distinctions between citations needs to be made: according to direction of the citation, we can classify patent citations as backward or forward citations.
'Backward citations' is the term used for a traditional citation and is the document that was published earlier than the document citing it. In turn, the newer document is called 'forward citation' or citing document. The use of forward citations is customary when the technological impact of the patented invention is the target (Noma & Olivastro, 1984) , often as a function of the characteristics of the patent (Allison & Sager, 2007) . The use of backward citations is customary to express the knowledge base of the patented invention. This introduces another important distinction:
according to the type of cited document, we can classify patent citations as patentto-patent or patent-to-paper citations (also known as patent vs non-patent references or literature).
4 information about knowledge flows, since numbers might vary for non-technoeconomic reasons 1 . Second, unlike the US, the patent system in Europe does not compel patent applicants to provide a comprehensive background literature review, making it much more probable that patent examiners will add citations. Third, we do not know whether applicants are influenced by the fact that examiners will check their citations.
These critiques have not deterred traditional quantitative studies, perhaps because qualitative evidence is not sufficiently convincing. In addition some academics claim that patent citations are useful because they are more credible than paper citations (Lai & Wu, 2005 ) and that more efforts should be devoted to producing better-codified data on patent citations (Stock & Stock, 2006) to facilitate its use. It has been proposed that examiner forward citations should be used to build indicators such as h-indexes of firms' technological performance (Guan & Gao, 2008) .
The first contribution of this paper is to provide quantitative evidence of possible inconsistencies in examiner citations that should prevent from extended use.
Nevertheless, the critiques made about the use of patent citations have had some consequences and have inspired several quantitative research lines. The first is to adopt more careful wording to refer to the relation between patents and their citations, examples include:
'interactions', 'links' or 'linkages', 'vicinity', etc. (Tijssen, 2001; Callaert et al., 2006) . A second is to use patent data in alternative ways to visualise relations within the knowledge 1 "Non-technoeconomic reasons" in this context means practices related to the patenting process that do not have much to do with the actual invention. These are some examples: the increasing workload of examiners; the number of claims that are deeply examined; the existence of a duty of disclosure; the education requirements to become a patent examiner; whether the patent office is examining or not; the preference for national or English language (Meyer, 2000) . Others are the relevance given to non-patent citations, whether the patent is national, international or part of a family (Michel and Bettels, 2000) , etc. In the next section, we describe how some of these reasons may have an impact on the number of citations.
base, e.g. through co-classification in technology classes to show that countries for example are not an appropriate unit of observation (Leydesdorff, 2008) . A third is to promote a quantitative approach to the difference between examiner and applicant citations. In this line, the fact that the use of examiner citations biases the interpretation of findings is confirmed, for instance, because the knowledge base appears to be more localised if measured through applicant citations (Criscuolo & Verspagen, 2008) . The degree of localisation and of differences between examiner and applicant citations depend most likely on the absorptive capacity of the region (Azagra et al., 2009) 2 .
This last stream of research pleads for the use of applicant rather than examiner citations as a better expression of knowledge flows, and links directly to the second contribution of the paper: to establish whether applicant citations also have caveats as indicators of knowledge flows.
The next section builds a conceptual framework for the distribution of patent citations according to the characteristics of patents. Based on this we set up testable hypotheses, based on the research context. Further, we present the data and methodology and finally the results and some conclusions.
Some insights into the meaning of examiner and applicant patent citations

The distribution of examiner backward citations by patent characteristics
We have reported that: (i) quantitative studies have explored how the number of examiner forward patent citations varies in terms of patent characteristics; (ii) qualitative studies suggest that patent characteristics influence the inclusion of examiner backward patent citations. These two aspects justify quantitative study of the distribution of examiner backward citations according to different characteristics of the patents. Earlier investigations have been incidental, and they provide descriptive statistics rather than substantial analysis.
Our starting point is:
Hypothesis 1. Patent characteristics play an influential role in the distribution of examiner citations.
Which characteristics are these? We will subdivide Hypothesis 1 into several subhypotheses outlining the specific relations between each of the considered patent characteristics and examiner citations. Let us distinguish two groups of characteristics: nontechnoeconomic, as defined in footnote 1, and technoeconomic, those characteristics that justify substantially changes in the number of citations because of the nature of the invention.
Non-technoeconomic characteristics that we will incorporate in this study are time effects, route of protection and ownership regime.
In terms of time effects, earlier studies have shown that they seem to influence the distribution of examiner citations. Callaert et al. (2006 Callaert et al. ( ) confirm that, between 1991 Callaert et al. ( and 2001 for European Patent Office (EPO) patents, the average number of examiner citations per patent has decreased. 3 In this paper, we will not only take into account patents from a European region (not only EPO but also national and other international patents). Assuming that the characteristics of EPO patents hold, we can formulate:
3 In the same period, the authors confirm an increase in US Patent and Trademark Office (USPTO) citations, but we do not consider USPTO patents in this paper. The reason can be that US examiner time constraints have become tighter, with the increase in the number of patent applications outpacing increases in the number of examiners (Merrill et al., 2004) .
Hypothesis 1.a.
The number of examiner citations in patents decrease with time.
In relation to means of protection, many works consider only one protection alternative, national (USPTO) or international (EPO), probably because of the major focus on the US and Europe generally. However, when studying a single European country or region, several protection alternatives may be relevant, national and international, because of the home advantage effects (Criscuolo, 2006) and because alternative routes may be indicators of geographical patterns of technological protection (Azagra et al., 2006b) . In many European countries, the national process of patent examination is mainly formal, whereas the international one pays at least as much attention to the contents as in the hardest national systems (like the German one). Hence, the international process may push examiners to be more exhaustive when performing a search about previous art. For this reason, we state:
Examiners include more citations in international patents than in national patents.
Regarding the ownership regime, although there is little evidence about the impact of coownership on the number of citations in patents, it could be argued to be influential, since number and type of institutions may affect examiners' behaviour. For instance, examiners may conduct broader searches in the presence of co-applicants, interpreting that the joint knowledge base is wider than for a single applicant. This is especially true if a firm includes universities and public research organisations among applicants, assuming that the public knowledge base deserves more attention than in patent applications from firms alone. This justifies the next hypothesis: Earlier studies have proved that patenting is a more usual/efficient protection strategy in some economic sectors than in others. Pavitt (1984) would argue that patenting is less frequent in supplier-dominated sectors than in production-intensive or science-based sectors. Breschi and Malerba (1997) argue that traditional sectors are characterised by low levels of appropriability, so the resource to patents is scarce, compared to mechanical industries, automobile industries or high-tech sectors. Where there is a higher pool of citable knowledge base (i.e. patents), one could expect a higher number of citations to this pool. This leads us to form the next hypothesis:
Examiners will include more citations in patents from productionintensive and science-based economic sectors than in patents from traditional sectors.
Front-page vs full-text citations: Examiners track applicants
Another common source of criticism of information derived from examiner patent citations is that it is the patent applicants who have the knowledge base of the invention (Jaffe et al., 2000) . However, it is much easier to analyze examiner citations since these are the ones included in the patent databases and applicant citations can be tracked only by manually checking the patent documents. It is only recently that quantitative studies have begun to investigate examiner and applicant added citations separately, and this is due to improvements in computation facilities for identifying citations on front pages of patent documents (Sampat, 2004; Thompson, 2006; Alcácer & Gittelman, 2006; Criscuolo & Verspagen, 2008) .
However, following the economic tradition of measuring knowledge spillovers referred to in the introduction, most of these studies have focused on citing-cited pairs. They analyse localisation effects, regardless of whether the citations are included by examiners or applicants. They are rarely interested in differences in patent characteristics although such differences are relevant, since they may be a basic reason for the different sets of patents included by applicants and examiners.
Another characteristic of these studies is that they look only at applicant citations that the examiner considers relevant, i.e. those on the front pages. However, the applicant citations which are included in the patent text, may be much closer to the actual knowledge base, since they partly reflect the source of ideas of the inventor. Because of the time consuming process of retrieving the information, only a few studies consider this aspect (see exceptions such as Acosta & Coronado, 2003) .
Given the scarcity of direct comparisons of citations along patent characteristics, it is difficult to establish a hypothesis. Assuming that the non-technoeconomic and technoeconomic reasons for increasing the number of citations affect examiners and applicants equally, we can start by formulating a cautious hypothesis:
Hypothesis 2. Applicants and examiners include comparable distributions of citations independent of patent characteristics.
Nevertheless, there do exist some results related to the influence of patent characteristics on applicant citations. As in the previous section, we will subdivide Hypothesis 2 into several sub-hypotheses. For instance, regarding time effects, Criscuolo & Verspagen (2008) find that the share of applicant citations in EPO patents decreased between 1985 and 1999. That is why we formulate:
Hypothesis 2.a. The number of applicants citations in patents region decrease with time.
In terms of route of protection, the same authors conceptually justify the fact that both examiners and applicants tend to add more citations in patents applied for through the Patent Cooperation Treaty (PCT)-EPO procedure, compared to the direct-EPO procedure. The evidence from their econometric tests is inconclusive about whether this affects the probability of examiner-added citations. Comparing both patenting routes to the national one, it seems intuitive to state:
Applicants include more citations in international patents than in national patents.
Regarding the ownership regime, institutions may differ in their tendency to include citations. For instance, universities and public research organisations may show a higher propensity for citation, so co-applications involving firms and these institutions may be more likely to incorporate prior art than patent applications from firms alone. It follows from this reasoning:
Hypothesis 2.c. Applicants include more citations in patents applied for by firms if they have co-applicants.
Technoeconomic characteristics (region, technology, economic sector) are also worth some attention. Focusing on regions, Acosta & Coronado (2003) observe the concentration of patent-to-paper citations in the more developed regions in Spain, such as Madrid, Catalonia and the Basque Country, and their scarcity in regions with GDP below 75% 5 of the EU average. However, although Acosta & Coronado do not stress this point, the distribution of patent-to-patent citations (which are more abundant than patent-to-paper citations) is relatively even across regions. Hence, we report:
Patents from more economically favoured regions (i.e. with highest per capita income) will have more applicant citations.
For technology classes, Sampat (2004) provides some empirical evidence and suggests that applicants are more likely to include citations in fields where patenting is important such as chemicals and pharmaceuticals. Drawing on the previous literature, Sampat argues that in fast-moving, more technology intensive classes, the ability of examiners to access current information is limited, and applicants are better informed about the closely related prior art and therefore include more citations than examiners. In technologies that are less science intensive, citation rates between examiners and applicants will generally be more similar. In the case of EPO patents, Criscuolo & Verspagen (2008) find that the share of applicant citations is higher in chemistry and materials and lower in semiconductors, telecommunication, audiovisual and information technology. The next hypothesis is thus:
Hypothesis 2.e. Patents belonging to the class of mechanical engineering and more science-based technologies are highly citing, i.e. the numbers of applicant citations are the highest.
For economic sectors, Acosta & Coronado (2003) show that, in Spain, 85% of patent applicants' patent-to-paper citations are concentrated in only three sectors (chemistry, pharmaceuticals and biotechnology). However, patent-to-patent citations predominate in high and medium-high technology sectors, such as electrical engineering and instruments, which is why Leydesdorff (2004) suggests that a sector such as biotechnology is not a valid model for how university-industry interactions occur in general. It is then reasonable to test:
Patents from economic sectors other than traditional ones (i.e.
production-intensive and science-based economic sectors) will have more applicant citations.
Within full-text citations: Patents where applicants disclose knowledge are representative of the knowledge found in all patents
Criscuolo & Verspagen (2008) plead in their study for greater use of applicant rather than examiner citations, as indicators of knowledge flows. They rely on the assumption that the characteristics of patents with applicant citations are representative of all patents. The problem, which the authors are aware of since they study the European case, once again, is the lack of applicant citations. What about patents that do not include applicant citations?
In this situation, it is questionable whether we should consider even patents with applicant citations in the full-text as being representative of the knowledge base. A good indication might be if the distribution of patents was the same for different characteristics of patents for both applicants who disclose some information and those who do not reveal any. To test for this, it is useful to formulate:
Hypothesis 3. The characteristics of patents with and without applicant citations are similar.
Within front-page citations: Examiners behaviour is different depending on whether applicants disclose some knowledge or not
The best conceptual background to understand the differences between applicant and examiner citing-cited pairs is in Alcácer & Gittelman (2006) . They investigate different scenarios in terms of examiners' decisions about whether to fill the gaps (adding citations that the inventor has left out) or track the distribution of inventor citations. Implicitly, this approach assumes that examiners have something to fill in or track because inventors disclose some knowledge.
This may not be an issue in the US, where applicants are subject to 'duty of candour', which forces them to be exhaustive in their inclusion of references to prior art (Meyer, 2000; Michel & Bettels, 2001) . However, it is important in Europe, since there is no imposition of that kind on applicants, meaning that they are free to decide whether or not to include references. For instance, Acosta & Coronado (2002) show that only 31% of Spanish patents include applicant full-text patent-to-patent citations and 10% of Spanish patents include applicant full-text patent-to-paper citations, i.e. a small number compared to front-page citations, which appear in all patents. Similarly, Azagra et al. (2009) find that only 30% of patents from the Valencian Community (a Spanish NUTS 2 region) includes at least one applicant citation.
Thus, in the European case, it is worth studying whether examiners treat patents with and without citations equally. If treatment is equal in that in both cases the examiner transposes a standard body of references, then it is more difficult to uphold their objectivity. If treatment is not equal, we would expect the distribution of examiner citations according to the characteristics of the patent, to differ between patents with and without citations, because each will be subject to a case-by-case search report. Let us assume this situation as a starting point:
Hypothesis 4. The distribution of examiner citations is different according to whether the studied patents contain applicant citations or not.
The research context: the Valencian Community
The Valencian Community is described as having low absorptive capacity (Azagra, 2007) .
The main features of the region are:
low-tech profile of its economic structure (predominance of microfirms in services and traditional manufactures); weak innovation activities (innovation is mostly incremental and in the form of machinery and equipment acquisition, with low R&D expenditure); scarcity of qualified personnel even in firms in the knowledge-intensive sectors; policy emphasis on enhancing technology transfer (similar to high-tech regions or countries). activity. The data are from the Spanish National Statistics Institute's Regional Accounts. We group economic branches following (and extending) the typologies proposed by Pavitt (1984) and Breschi and Malerba (1997) . The classification is arguable, but it is not the objective of this paper to justify this.
Supplier-dominated sectors predominate, especially 'construction' and services such as 'wholesale and retail trade', 'non-market services' and 'transport, storage and communication'. Within production-intensive sectors, 'manufacturing of other non-metallic mineral products' stands out because of the regional focus on producing ceramic tiles. The contribution of science-based sectors is relatively small. The case of 'real estate, renting and business activities' is rather special, since the high GVA weighting is due mainly to the activities in the supplier-dominated sectors. However, because they include 'computer and related activities' and 'research and development' we chose to classify them under sciencebased sectors, which is relevant for the information in subsequent columns on patents and patent citations. Next, we explain the methodology and data.
Methodology and data
The source of patent application information for the Valencian Community is the database of the Spanish Patent and Trademark Office (OEPM), which allows us to select according to 'province'. Three NUTS 3 regions were included in the analysis: Alicante, Castellon and
Valencia. We recovered patents from 1999 to 2003. 6 We chose patents identified as patents owned by companies rather than including patents from all performance sectors, to allow for some institutional homogeneity and a focus on knowledge-industry interaction, and also because they represent the bulk of patenting activity in the selected regions. The OEPM database includes information on name(s) of patent applicant that was not straightforward and therefore their correspondence with firms had to me manually confirmed. We found a total of 1,382 patents registered for the Valencian We also attributed patents to economic sectors by linking them to the Analytical System on Spanish Balance Sheets (SABE). This database, which includes economic data on Spanish firms, includes a field for the Statistical Classification of Economic Activities (NACE), revision 1.1. We were able to match 92% of the firm applicants in our sample to the firms included in SABE and assigned to each of these patents the two-digit NACE activity code of the applicant. This allowed us to construct the following variable:
economic sector: two-digit NACE activity of applicant firm, calculated with a fractional count, which provides information included in the last three columns of Table 1 .
8 Note that PCT does not award patents: applications are subject only to international review and then filed at national patent offices, i.e. PCT applications become national (or not, if they are abandoned).
For each variable, we calculate whether the difference between numbers of applicant and examiner citations is significant, and whether there is a significant difference between variable categories using ANOVA and the non-parametric Kruskal-Wallis ANOVA.
For the analysis, we divided the sample into sub-samples -with and without applicant citations. The comparison between the full sample and the sub-sample with applicant citations allows us to test some of our hypotheses. We assume that that applicants that disclose some knowledge (i.e. include at least one applicant citation) have more knowledge than applicants who do not disclose any knowledge (i.e. do not include any applicant citations). Although it is beyond the scope of this study to verify this, we provide some evidence that this is a reasonable assumption.
Results
There is generally not much relationship between total number of patents and GVA in Table 1 (correlation coefficient r=17%). The exceptions are 'wholesale and retail trade' and 'real estate, renting and business activities', which have a high share of both patents and GVA. Other large sectors, in terms of GVA ('construction', 'non-market services', 'transport, storage and communication'), do not have high shares of patents, while other active patenting sectors do not show high shares of GVA ('rubber and plastic products', 'machinery and equipment n.e.c.', 'chemicals and chemical products'). This suggests that the technological structure of the economy is determined by the type of sectoral innovation system rather than by size of industry.
The knowledge base, as indicated by number of examiner citations, follows the number of patents distribution (r=96%) but the relation to GVA is slightly closer (r=23%) -mainly due to the central categories of both distributions.
The share of applicant citations is similar to the share of patents (r=65%), but is less similar to the share of GVA (r=4%), because of its high concentration in science-based sectors. Thus, there is a higher number of examiner than applicant citations in sectors with high share of GVA such as 'wholesale and retail trade', while the opposite is true for low GVA sectors such as 'chemicals and chemical products'. This suggests that applicants in the science-based sectors tend to provide knowledge. This point is further addressed in the next section. Table 2 shows that the average number of examiner patent citations decreases over time. It is evidence in favour of Hypothesis 1a. Apart from the theoretical reasons given when it was formulated, in the Spanish case this result may be due to harmonisation with European standards, which tend towards including fewer but more relevant citations, which has been encouraged since 1991 when the EPO gave the OEPM the responsibility for providing search reports for international patent applications.
Are examiner citations based on non-technoeconomic requirements? No, they reflect the technoeconomic specialisation
With the exception of time effects, other non-technoeconomic characteristics (route of protection and ownership regime) do not influence the number of examiner citations, i.e. there is no evidence to support Hypothesis 1b and 1c.
There is also some regional variation: in the NUTS 3 region of Alicante, which has the lowest per capita income, examiners include more citations compared to the other two regions. The results, thus, contradict Hypothesis 1d. This is because the technologies and sectors that include more examiner citations are present in Alicante. 
Do examiners track applicants? No, they fill the gap according to characteristic such as region, technology class and economic sector
If we take single patents as the unit of observation, the correlation coefficient between number of applicants and examiner added citations is close to zero. This is also true when only patents where applicants include at least one citation are studied. That is, there is no relation between the numbers of citations included by the two parties. This means that Hypothesis 2 is not supported. To dig deeper into the source of differences among patents grouped by patent characteristics, we focus on applicant citations (fifth column in Table 2 ).
In terms of patent characteristics, we find that the pattern of applicant citations is different from that of examiner citations. On the one hand, the average number of citations over time does not decrease significantly. i.e. the evidence does not support Hypothesis 2.a. On the other hand, applicants tend to include more citations if the patent application is international and has co-applicants, i.e. the evidence is in favour of Hypothesis 2.b and 2.c.
In terms of technoeconomic characteristics, applicant citations and examiner citations are similar in that technological and economic heterogeneity and more especially regional variation are significant. However, the sources of variation are very dissimilar between examiners and applicants.
Castellon, the region with the highest per capita income (and smallest numbers of examiner citations), has the highest numbers of applicant citations. This evidence supports Hypothesis 2d. The region with the largest numbers of examiner citations, Alicante, ranks second for applicant citations. Thus, from the regional distribution of citations, we can say that examiners fill applicants' gaps rather than track applicant citations (using the same terms of Alcácer and Gittelman, 2006 This is even clearer in the case of economic sectors (Table 3) . Here, we can see significant differences between examiner and applicant added citations in almost all categories. In the supplier-dominated and production-intensive sectors, examiners cite more when applicants cite less, e.g. in Other supplier-dominated sectors, Manufacture of machinery and equipment n.e.c. and Manufacture of wood, paper, publishing, media. This inverse relation appears also in Manufacture of chemicals and chemical products, where most applicant citations are concentrated, and numbers of examiner citations are small. However, there are exceptions, such as Manufacture of electrical machinery and equipment n.e.c., a science-base sector with large differences between examiner and applicant citations. Overall, the evidence supports Hypothesis 2.f.
These differences would seem to be the source of a negative correlation between applicant and examiner citations that would contradict Hypothesis 2. However, other effects predominate and for this reason, the coefficient of correlation is close to zero: the large number of patents without applicant citations that have many different numbers of examiner citations; and the smoother distribution of examiner citations than that of applicant citations.
Overall, the evidence does not support Hypothesis 2.
Note that the p value of the Kruskal-Wallis ANOVA is always significant because examiners always include many more citations than applicants -this is logical since the sample includes patents with no applicant citations. In the next section, we show the differences between patents with and without applicant citations.
Are patents where applicants disclose some knowledge representative of all patents? No
The probability that a patent includes applicant citations (Table 4) is increasing in time, it is higher for international patents (rather than national ones), for co-applications (rather than single applications), for patents in C. Chemistry; Metallurgy (rather than in other technology classes) and ( This different distribution of patents with and without citations across patent characteristics has consequences on the properties of the average number of applicant citations. We have already seen that for all patents, the number of applicant citations (Table 2) is stable over time, but increases for international applications and applications with more than one applicant. The last columns of Table 4 shows that, in the sub-sample of patents with at least one applicant citation, the number of applicant citations significantly decreases, and does not vary based on route of protection or a positive number of co-applicants.
This does not support Hypothesis 3. The emergent statistics on applicant citations are biased, because applicants inflate the number of citations for reasons such as route of protection and ownership regime. Table 6 presents the results for the breakdown of examiner citations according to whether patents have at least one applicant citation.
Do examiners behave differently if applicants include citations to disclose knowledge? No, they behave similarly
{Table 6 around here}
We can see that examiners in both sets of patents tend to include fewer citations over time, as in Table 2 , and that there is no significant variation between routes of protection or ownership regime; patents from Alicante include again more examiner citations, similar to the numbers in less science-based technologies and (Table 7) supplier dominated sectors. This mirrors the position of examiner citations for the overall sample.
{Table 7 around here}
The findings indicate that examiners behave similarly regardless of whether or not applicants include citations, which does not support Hypothesis 4.
An unforeseen side result -a fixed number of examiner citations
The above results suggest that examiners merely replicate bodies of knowledge from patent to patent, ignoring the citations included by applicants. To verify this, we matched pairs of common examiner citations in different patents but did not find huge correspondence (less than 30%). However, the number of examiner citations in these patents was often the same.
Therefore, it seems that examiners tend to add a 'fixed' number of citations, although these citations may be different. This contradicts the claim of replication of bodies of knowledge, but implies the existence of a standard practice in terms of number of citations. This result deserves further research.
Conclusions
The results in this paper suggest that it would be premature to defend the use of examiner citations in patents to justify research funding or evaluate performance. Our results also do not support the hypothesis that applicant citations are better sources of information. We develop these ideas in the next paragraphs.
The number of examiner added citations is dependent on the technoeconomic structure of the territory. If the local industry has very few leading and patenting sectors, there will be fewer examiner citations. For other sectors, even though the knowledge base exists, examiner patent citations will not indicate so. Therefore, studies using examiner citations should consider the technoeconomic structure. Examiner citations may be representative of the knowledge base where there is strong industrial specialisation in highly patenting or leading sectors but require complementary analysis in every other case.
This paper looked at full-text applicant citations, which highlighted some practices of patent examiners related to adding citations, namely to include more (less) references than applicants, in patents where the technology classes and economic sectors rely less (more) on the science base. The result is a more homogeneous distribution of citations that masks the scarce importance of codified knowledge for traditional economic activities.
However, we also show that using applicant citations creates problems, since applicants may add a large number of (hardly justified) citations in some patents (especially patents that are international and include co-applicants). One limitation of our research is that we cannot claim whether examiner citations are better than applicant citations or the other way round.
We just highlight that applicant citations may not be the solution to the problems detected by earlier literature on examiner citations. Comparison of both measures with a third one to discriminate the best one could be a line of future research.
Overall, this makes a case for increasing resource allocation to patent examiners' to allow for more detailed search reports, which would most likely increase the incentives for applicants' to disclose information to the EPO and the World Intellectual Property Organization (WIPO). More resources could also translate into, better legal standards for storing information and thus make it possible to analyse full-text applicant citations, which would be a benefit for examining knowledge flows. A limitation of our work is that we do not have data on USPTO patents, which would also be interesting.
Many of the explanations for parts of the evidence from this study are related to the conduct of examiners and applicants. Interviews would be useful to check the consistency of explanations. Ongoing work suggests that patent examiners' personal characteristics also determine the inclusion of citations (Lemley & Sampat, 2008) . A limitation of our work is that we cannot control for these personal characteristics.
To what extent these results are idiosyncratic of the sample we analysed, which is based on a region with low absorptive capacity, is questionable. This is further examined in an earlier study (Azagra et al., 2009) . Here, we want to stress that, although some of our findings may be idiosyncratic, the importance of the hypotheses and their methodological implications should guide the future debate on using patent citations as indicators of knowledge flow. One way to continuing this discussion would be to replicate the analysis with a large number of regions. 
